Through a combination of affinity purification of native with TbMP81, TbMP63, and TbMP42 (fractions 13-19), and corresponded to the sedimentation of editosomes complexes, yeast two-hybrid analysis, and coimmunoprecipitation experiments, we now have identified two capable of in vitro editing (Pollard et al., 1992; Corell et al., 1996; Rusché et al., 1997). A second ligase peak distinct subcomplexes within the editosome that appear to consist of mutually exclusive sets of proteins. One sedimented at 5-10S (fractions 3-9). Most tagged and untagged TbREL1 was in the 5-10S peak (e.g., Figure subcomplex, containing TbREL1, TbMP63, TbMP99, and possibly TbMP18 catalyzed precleaved in vitro dele-1C), although this varied somewhat between experiments. Some untagged REL1 was also often present in tion editing while the other, containing TbREL2, TbMP81, and the TbMP57 TUTase catalyzed precleaved the ‫02ف‬S peak, as recently described for similarly tandem affinity-purified complexes from Leishmania tarenin vitro insertion editing. TbMP63 and TbMP81 are assigned central coordinating roles in their respective subtolae (Aphasizhev et al., 2003a), raising the possibility of more than one TbREL1 molecule in at least a fraction complexes since they bind the catalytic proteins and are probably also involved in substrate recognition and of the ‫02ف‬S editosomes. The distribution of TbMP63 overlapped the 5-10S TbREL1 peak, suggesting that binding. Finally, the present study suggests that TbMP99 is an exoUase. this protein may be associated with some TbREL1 in subcomplexes. Importantly, in contrast to the ‫02ف‬S complexes, the 5-10S complexes from cells expressing Results
TbREL1-TAP did not contain detectable amounts of TbREL2 and, similarly, the 5-10S complexes from Tandem Affinity Purification of TbREL1
TbREL2-TAP cells did not contain detectable TbREL1 and TbREL2 Complexes ( Figure 1D ). Adenylated TbREL2-CBP comigrated with To compare protein complexes that contain TbREL1 endogenous TbREL1 due to the retained CBP portion versus TbREL2, we knocked in tetracycline (tc)-inducof the tag ( Figure 1D , upper panel). However, analysis ible versions of these ligase genes fused to C-terminal with ␣-TbREL1 mAb clearly showed the absence of TAP tags (Rigaut et al., 1999) . This ‫12ف‬ kDa tag consists TbREL1 from the TbREL2 5-10S complexes ( Figure 1D , of a calmodulin binding peptide (CBP), a TEV protease lower panels). Substantial TbMP81 cofractionated in this cleavage site, and two protein A IgG binding peptides.
region of the gradient. The identity of the smaller adeWestern analysis of the generated cell lines confirmed nylatable polypeptide in the 5-10S region of TbREL2-that expression of the tagged ligases was tightly regu-TAP gradients is unknown. It is too large to be endogelated by tc and, when induced, did not affect cell growth nous TbREL2 but may be a proteolytic product of the (data not shown). Tagged editosomes were purified as tagged TbREL2. We did not determine if the 5-10S comoutlined in Figure 1A . Tagged TbREL1 and TbREL2 were plexes were present in vivo in parasites expressing TAPevident in Western blots of total lysates due to direct tagged ligases or whether they resulted from the purifibinding of the primary and secondary antibodies to the cation procedure. Ligase complexes of comparable size protein A peptides ( Figure 1B, lanes 1 and 3) Figure  1C ) was not recovered in this further purified 5-10S maTbMP81, TbMP63, TbREL1, and TbMP42 by Western blotting with mAbs (lower panels). One peak sedimented terial, indicating, if any, an unstable association with tagged TbREL1. Silver-stained SDS-PAGE gels revealed at ‫02ف‬S for both TbREL1 and TbREL2, cosedimented (Figure 2A, lanes 3 and 5) . The ϩ2U product and marker, to increase the stringency of the screen. Interacedited RNA were prominent but ligated input was not tions were scored as positive when growth over backevident with the TbREL2 5-10S complex. Neither U addiground occurred in at least two out of three independent screens. tion nor edited products were detected with the TbREL1 TbMP63, TbMP42, and TbMP18 have a high degree of a physical and functional separation of deletion and insertion RNA editing activities in subcomplexes, as similarity to OB fold domains. Computer searches against motif databases supported these predictions. summarized in Figure 6 . Three different approaches, yeast two-hybrid analysis, coimmunoprecipitation studProfileScan (http://hits.isb-sib.ch/cgi-bin/PFSCAN) indicated similarity of the C-terminal region of TbMP81 ies, and analyses of purified complexes using affinitytagged versions of the two RNA editing ligases are conand TbMP63 to Pfam motifs SSB and TRNA_ANTI, respectively, and the Conserved Domain Database (http:// sistent with each other and are also consistent with and expand on published genetic and biochemical studies www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) indicated similarity of the corresponding region of TbMP18 (see below). Our data provide direct evidence that the TbREL1 ligase along with TbMP63, TbMP99, and possito the SSB domain, all of which represent OB folds.
bly TbMP18 forms a subcomplex that specifically catalyzes precleaved U-deletion editing. These results sugDiscussion gest that one of these proteins, most likely TbMP99, which has an exo/endo/phos motif, is an exoUase. The This study provides insight into the architecture of the T. brucei editosome and provides strong evidence for proteins responsible for the ligase and exoUase activi- (Huang et al., 2002) . Although both TUTase Our data suggest that TbMP63 and TbMP81 not only bind the catalysts but may also have roles in substrate recognition and binding and thus specificity. TbMP81 stimulates activity of TbMP57 and data presented here suggest that it also stimulates activity of TbREL2. The structural predictions suggested that TbMP63 and TbMP81 C-terminal regions assume an OB fold-like structure (Figure 5 ). An OB fold domain is present in all DNA ligases and RNA capping enzymes (Doherty and Suh, 2000) and a positively charged cleft that is formed by the conjunction of the catalytic (adenylation) and OB fold domains has been proposed to function in substrate binding in DNA ligases ( Figure 7A)  (Subramanya et al., 1996) . The RNA editing ligases contain the catalytic domain but appear to lack the C-terminal OB fold domain ( Figure 5 ). We propose that C-terminal regions of TbMP63 and TbMP81 provide the OB fold domain in trans to TbREL1 and TbREL2, respectively, as illustrated in Figure 7B . It is attractive to assume that, as shown in the model, the C-terminal domains of the editing ligases interact with their binding partners. domains during insertional and deletional editing, reperfect duplex, i.e., a nicked ds RNA (Figures 2A and 2B , spectively, would ensure sequential enzymatic steps, lanes 5). These differences may reflect the differences in illustrated in a conceptual "toggle" model in Figure 7D . structures for TbREL1, TbREL2, TbMP81, TbMP63, TbMP42, and TbMP18 were predicted using the PROFsec program (http://cubic. Adenylation Assays bioc.columbia.edu/predictprotein/) and manually aligned to the Adenylation reactions were performed with 5 l glycerol gradient structures of the T7 and ChV DNA ligases according to, in this order fraction as described (Panigrahi et al., 2001a) . of priority, the conserved nucleotidyl transferase motifs, conserved primary sequences, and features of the secondary structures.
Mass Spectrometric Analysis
Samples were separated by SDS-PAGE and protein bands were
